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WE CLAIM: 

1. A cloned bacterial organophosphor us acid anhydr^se 
gene fragment comprising the DNA coding sequence: 



CTSCAGCCTSACTCGGCACCAGTCj 
ATG CAA ACG AGA AGG GTT GTG CTC 



rTCCAAGCAGAGTCCTAAGCAATCC 
GGA ACT 



gin/ 

CTS 



GAC ATC TSC GGC AGC TCS GCA 



GGC GTG CGA ACG ATT GTC GAT 
gl'/ val arg tar ila val aaeyval set? i-i_*^5ij 



^.ys 


TCT 
sar 


ala 


CTG 
lau 


GAT 
asp 


CGA 
arg 


sar 


GAA 
glu 


GCS 
ala 


pna 


lau 


COT 
arg 


GCT 
ala 


GTG 
val 


AGA 
arg 


■TCG 


ACT 









GGC 


lau 


lau 


gly 


ATC 


GGA 


TCA 


ila 


giy 


sar 


ACT 


CAC 


GAG 




his 


glu 



CCA GAG TTC TTC GGT 
pro glu pna ?na gly 



CGC GCC AGA GCS GCT 



SAT ATC GGT CGC GAC GTC AGT 
asp ila gly arg asp val sar 



lau 


trp 


pna 


asp 


CAG 
gin 


the 


pha 


CTG 
lau 


GGC 

gly 


ATT 
ila 


ila 


iy» 


TTA 
lau 


AAG 
lys 


GCG 
ala 


GCC 
aia 


ACG 


ala 


ala 


AGT 

sar 


AAG 
lys 


lau 


GAG 

glu 


CCC 
pro 


AGC 
sar 




lau 


ACC 


CAC 
his 


AGT 
sar 


'GCG 
ala 


ATT' 
ila 

/ 


CGT 
arg 

ATG 

2SC 


sar 
AAA 


trp 7 gin 

/ 

CAA ATC 
/gin ila 



7 



TCG 


CGG 


GCT 




GAC 




CAT 


ATC 


GTG 


GCS 


GCG 


ACC 




sar 




ala 


ala 


asp / 


val 


his 


ila 


val 


ala 


ala 


tar 


giy 


CCA 


z 


TCG 


ATG 


2SA 




AGS 


TAT 


CTA 


GAG 


GAA 


CTC 


ACA 


pro 




sar 


aat> 


4rg 


lau 


arg 


tyr 


val 


glu 


glu 


lau 


tar 


GAG/ 


In 


CAA 


-A-*> 


GGC 


ATC 


GAA 


GAC 


ACC 


GGA 


ATT 


AGS 




glujj 




gin 




gly 


ila 


glu 


asp 


tar 


giy 


ila 


arg 


ala 




ACC 






AAG 




ACC 






CAG 


GAG 




GTG 


ala 


tar 




giy 


lys 


ala 




pro 


the 


gin 


glu 


leu 


val 




GCC/ 


AGC 




GCC 


ACC 


GGT 


GTT 




GTA 


ACC 


ACT 


CAC 


arg 


aia 


sar 


lau 


aia 




giy 


vai 


pro 


val 






his 


CGC 




GGT 


GAG 






AGS 


CCG 








AGT 




arg/ 


asp 


gly 


glu 


arg 


?iy 


arg 


pro 


pro 


pna 


£eu 


sar 


pro 




GTT 






GGT 


CAC 


AGC 






ACT 




GAT 




^drg 


vai 


cys 


ila 


giy 


hi 3 


sar 


ISO 


asp 




asp 


asp 


lau 


CTG 


CTG 


CGC 


GGA 


TAC 




ATC 




CTA 


GAC 




ATC 




lau 


lau 


arg 


gly 


tyr 


lau 


ila 


giy 


lau 


asp 


his 


ila 


pro 


CTA 


GAA 


GAT 


AAT 




AGT 


GCA 


TCA 








GGC 


ATC 


lau 


glu 


asp 


asn 


ala 


sar 


ala 


sar 


pro 


lau 


lau 


giy 


ila 


CGC 








ATC 


AAG 




CTC 


ATC 


GAC 


CAA 


GGC 


TAC 


arg 


ala 


lau 


leu 


ila 


lys 


ala 


leu 


ila 


asp 


gin 


giy 


tyr 


GTT 


TCG 


AAT 


GAC 




CTG 




GGS 




TCG 


AGC 


TAT 


GTC 


val 


sar 


asn 


asp 




leu 


pna 


gly 


pna 


sar 


sar 


tyr 


val 


GTS 


ATG 


GAT 


CGC 


GTS 


AAC 


CCC 


GAC 


GSS 


ATG 


GCC 


TTC 


ATT 


val 




asp 


arg 


val 


asn 


pro 


aap 


giy 


aat 


ala 


pna 


ila 


CCA 


TTC 


TAC 


GAG 


AGA 


AGS 


GCS 


TCC 


CAC 


ACS 


AAA 


CGC 


TGC 


pro 


pna 


tyr 


glu 


arg 


arg 


ala 


sar 


his 


arg 


lys 


arg 


cys 



/ CAG GCA TCA CTS TGA 

gin ala sar leu . 

CTAACCCGGCSCGCTTCTGTCTCACCSACTTGCCSTGCATGACGCCATCTGGATCCTTCCACGCAGCGSCC 

ACTATTC CCC GT CAAG ATACCG AACCATGAAGTCS CG CATCC ATCGATACC CAT CTTCAATGTS A TCAGGS 
CTGCCACCTCCAAAGCCGGTSGCCACCCCTGTCGATAGTCTTGAGGSACCGTAGCGACCACCSTGCTTTTC 

GTCAACTCCAG 
3 • 
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2. The gene fragment of claim 1 wherein said f ragmeiijxirs 
substantially free of extraneous DNA. 




3. The gene fragment of, claim 1 wh^e the DNA is plasmid 
DNA. / 



/ 

10 4. The gene fragmen^of claim 1 where the source of the 
DNA is bacteria of^the genus Flavobacter ium « 



5, TheXgene fragment of claim 1 where the source of the 
15 DNA Ls bacteria of the genus Pseudomonas , 
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6. An expression vector for producing bacterial 
organophosphorous acid anhydrase, said vector comprising a 
cloned bacterial organophosphorus acid anhydrase/gene 
fragment having the DNA coding sequence: / 



g • 

ATG 
aat 


CAA 

gin 


CTGCAGCCTGACTCGGCACCAGTCGCTGCAAGCAGAGTCCTAAGCAATCGC/dGGGGGCAGC 
ACG AGA AGS GTT GTG CTC AAG TCT GCC GCC GCA GGA ACT/ CTG CTC GGC 
sir arg *arq val val lau lya sar ala ala ala giy r^yt leu lau giy 


GCC 
giy 


lau 


GCT 
ala 


GGG 
giy 


TGC 
cys 


GCG 
ala 


ACG 
tar 


TGG 
trp 


CTG 
lau 


GAT 
asp 


CGA 
arq 


TCG 
sar 


GCA 
ala 


CAG 
gin' 


ala 


ATC 
iia 


GGA 

qiy 


TCA 
sar 


ATA 
iia 


CGT 
art? 


GCG 
ala 


CGT 
arg 


CCT 
pro 


ATC 
iia 


ACA 

thr 


ATC 
iia 


TCT 
ser 


GAA 
qlu 


GCG 
ala 


GGT 

qiy 


ana. 


ACA 
/tiir 


CTG 
lau 


ACT 
tiir 


CAC 

his 


GAG 
qlU 


GAC 
asp 


ATC 
iia 


TGC 
cya 


GGC 
giy 


AGC 
sar 


TCG 
sar 


GCA 

ala 


GGA 

qiy 


paa 


lau 


CGT 
arq 


GCT 
ala 




CCA 

pro 


GAG 

glu 


paa 


pna 


GGT 

qly 


AGC 
sar 


arg 


AAA 

lya 


GCT 
ala 


CTA 
lau 


GCG 
ala 


GAA 

glu 


AAG 
lya 


GCT 
ala 


GTG 
val 


AGA 
arq 


GGA 
gdy 


lau 


CGC 
arq 


GCC 

ala 


AGA 
arq 


ala 


GCT 
ala 


GGC 
giy 


val 


CCA 
arty 


ACG 

tiir 


ATT 
iia 


GTC 
val 


GAT 
asp 


GTG 
vai 


TCG 
sar 


ACT 


?^a 


GAT 
aap 


ATC 
iia 


giy 


CGC 
arq 


GAC 
asp 


GTC 
val 


AGT 
sar 


lau 


lau 


GCC 

ala 


GAG 
glu 


val 


TCG 
sar 


CGG 
arq 


GCT 
ala 


sec 
4la 


GAC/ 
asp 


val 


CAT 
his 


ATC 
iia 


GTG 

val 


GCG 
ala 


GCG 
ala 


ACC 

tar 


giy 


lau 


TCG 
trp 


pna 


GAC 
asp 


pro 


CCA 
pro 


lau 


TCG 
sar 


ATG 
kac/ 


/5CA 


. - G 

lau_ 


AGG^ 


^TAT 
tyr 


CTA 
val 


GAG 
glu 


GAA 
glu 


CTC 
lau 


ACA 
tar 


CAG 
gin 


TTC 

Otia 


ptia 


CTG 
lau 


CGT 
arg 


GAG 
qlu 


ATT 
iia 


CAA 

gin 


bat/ggc 
Ayr/ qly 


ATC 
iia 


GAA 
qlu 


GAC 
aap 


ACC 
tar 


GGA 
giy 


ATT 
iia 


AGG 
arq 


ala 


GGC 

*iy 


ATT 
iia 


ATC 
iia 


AAG 
lya 


GTC 
val 


GCG 
ala 


ACC 
ziir 






AAG 
lys 


ala 


ACC 


pro 


?aa 


CAG 
gin 


GAG 
glu 


TTA 
lau 


GTG 
val 


TTA 
lau 


AAG 
lys 


GCG 
ala 


GCC 
ala 


ala 


arq 


ajYa. 


AGC 
sar 




GCC 
ala 


ACC 




GTT 
vai 


pro 


GTA 
val 


ACC 
tar 


ACT 


CAC 
his 


ACC 


GCA 
ala 


GCA 
ala 


AGT 
sar 


CAG 
51.1 


CCCy 

arff 


r-GAT 
asp 


GGT 

qiy 


glu 


arq 


GGC 
giy 


AGG 
arq 


CGG 
pro 


CCA 
pro 


pat 


lau 


AGT 
sar 


pro 


AAG 
lys 


lau 


GAG 

glu 


pro 


a«r> 


ZZZ 
'arq 


GTT 
vai 


cya 


ATT 
iia 


GGT 

giy 


CAC 
iiia 


ACC 
sar 


GAT 
asp 


GAT 
asp 


ACT 


GAC 
asp 


GAT 
asp 


lau 


AGC 
sar 


tyr 


lau 


ACC 


711 


CTG 
lau 


lau 


CGC 
arq 


GGA 

qiy 


TAC 
tyr 


lau 


ATC 
iia 


giy 


lau 


GAC 

asp 


his 


iia 


CCG 
pro 


CAC 
his 


AGT 
sar 


GCG 
ala 


AT? 
iia 


GCT 
giy 


CTA 
lau 


GAA 
qlU 


GAT 

asp 


AAT 
aan 


ala 


AGT 
sar 


GCA 
ala 


TCA 
sar 


CCG 
pro 


lau 


leu 


GGC 

giy 


ATC 
iia 


CGT 

arg 


TCG 

sar 


TGGy 


'CAA 

gin 


ACA 

zhv 


CGG 
arq 


GCT 
ala 


CTC 
lau 


lau 


ATC 
iia 


AAG 

lya 


ala 


CTC 
lau 


ATC 

iia 


GAC 
asp 


CAA 
gin 


GGC 

<?1? 


TAC 
tyr 


ATG 


AAA 


'gl-l 


ATC 
iia 


CTC 
lau 


GTT 
val 


TCG 
sar 


AAT 
aan 


GAC 
aap 


TCG 
*3TP 


CTG 
leu 


TTC 
paa 


GGG 

<?iy 


aha 


TCG 
sar 


AGC 
sar 


TAT 
tyr 


GTC 
val 


ACC 

tax/ 


AAC 
'asn 


ATC 
iia 


ATG 
sac 


GAC 
asp 


GTG 
val 


ATG 

3«C 


GAT 
aap 


CGC 
arq 


GTG 

val 


AAC 
aan 


CCC 

pro 


GAC 
asp 


GGG 

qiy 


ATG 
aa-c 


GCC 
ala 


TTC 
pna 


ATT 
iia 


pro 


CTG 
lau 


AGA 
arg 


GTG 
val 


ATC 
iia 


CCA 

pro 


TTC 
pna 


TAC 

cyr 


GAG 
qlu 


AGA 
arq 


AGG 
arq 


GCG 
ala 


TCC 
sar 


CAC 
His 


AGG 
arq 


AAA 

iy» 


CGC 
arq 


TGC 
cya 



CAG GCA TCA CTC TGA 

qlti aia aar lau . 

CTAACCCGGC^CGGT^CTGTGTCACCGACTTGCCGTGCATGACGCCATCTGGATCCT^CCACGCAGw**«CC 

ACTATTCCCCGTCAAGATACCGAACGATGAAGTCGCGCATCGATCGATAGGCATCTTCAATGTGA TCAGGG 

CTGCCACCTCCAAAGCCGCTGGCCACCCCTGTCGATAGTCTTGAGGGACCGTAGCGACGACCGTGCTTTTC 

GTGAACTGCAG 

3 ' 
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7. The expression vector of claim 6 further comprising^ 
promoter, a start codon, and a recombinant DNA sequem 
coding for bacterial organophosphorus acid anhydra^e in 
accurate reading frame sequence with said start/codon for 
translation . 



8. The expression vector of clairn^ 
10 is derived from a baciyiovin 



15 



9. The expression 
is a bacteriophage. 




wherein said vector 



vof claim 7 wherein said vector 



10. The expression Vector of claim 7 wherein said vector 
is a plasmi( 



20 



11. /The expression vector of claim 10 wherein said 
pl^Tsmid comprises a transposon capable of transposing the 
Irosophila genome. 
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12. A transformed microorganism comprising an expression 
vector for producing bacterial organophosphorus acid 
anhydrase wherein said vector has a cloned bacteria; 
organophosphorus acid anhydrase gene fragment wit-n the DNA 
5 coding sequence: 



CTGCAGCCTGACTCGGCACCAGTCGCTGCAAGCAGAGTCSTAAGC^T^C^AGGGGGCAGC 
ATG CAA ACG AGA AGG GTT GTG CTC AAG TCT GCG GCC GCA GGA .ACT CTC CTC GGC 
net gin thr arg arg val val lau iys sar ala ala ala gly / thr Leu Leu gly 

GGC CT3 GCT GGG TGC GCG ACG TGG CTG GAT CGA TCG GCA /LAG GCG ATC GGA TCA 
gly Lau ala gly cya ala thr trp lau asp arg sar ala/gln ala ila gly ser 

ATA CGT GCG CGT CCT ATC ACA ATC TCT GAA GCG GGTZTC ACA CTG ACT CAC GAG 
ila arg ala arg pro ila thr ila ser glu ala gly/pha thr lau thr iiis glu 

GAC ATC TGC GGC AGC TCG GCA GGA TTC TTG CGT rfCT TGG CCA GAG TTC TTC GGT 
asp ila cys gly sar ser ala gly pha lau arg/ala trp pro glu phe phe gly 

AGC CGC AAA GCT CTA GCG GAA AAG GCT GTG *GA GGA TTG CGC GCC AGA GCG GCT 
ser arg Lys ala lau ala glu lys ala val/arg gly Leu arg ala arg ala ala 

GGC GTG CGA ACG ATT GTC GAT GTG TCG ACT TTC GAT ATC GGT CGC GAC GTC AGT 
gly val arg thr ila val asp val ser/thr aha asp ila gly arg asp val ser 

TTA 'TTG GCC GAG GTT TCG CGG GCT GCC GAC GTT CAT ATC GTG GCG GCG ACC GGC 
Leu Leu ala glu val ser arg ala/ala asp val hi3 ila val ala ala thr giy 

TTG TGG TTC GAC CCG CCA CTT TCG ATG CGA TTG AGG TAT GTA GAG GAA CTC ACA 
leu trp pria asp pro pro leu/3er aec arg Leu arg tyr val glu glu Leu thr 



GAG TTC TTC CTG CGT GAG 
gin she pha Lau arg glu , 



CAA TAT GGC ATC GAA GAC ACC GGA ATT AGG GCG 
La gin tyr giy iie giu asp thr gly ila arg ala 



GGC ATT ATC AAG GTC GCG ACC ACA GGC AAG GCG ACC CCC TTT CAG GAG TTA GTG 

giy ila ila Lys val ^Xla tiir tiir gly Lys ala tiir pro phe gin glu Lau val 

TTG GCC ACC GGT GTT CCG GTA ACC ACT CAC 

.au aia tiir giy val pro val tiir tiir his 



TTA AAG GCG GCC GCC CGG GCC AGC 
Lau Lys ala aia aia arg aia ser 



ACG GCA GCA AG? CAG CGC GAT GGT GAG CGA GGC AGG CCG CCA TTT TTG AGT CCG 

tiir aia ala ser gin arg asp gly giu arg giy arg pro pro phe leu ser pro 

AAG CTT GAG' CCC TCA CGG GTT TGT ATT GGT CAC AGC GAT GAT ACT GAC GAT TTG 

Lys Lau o^u. pro ser arg vai cys ila giy his sar asp asp tiir asp asp Lau 

AGC TAT/CTC ACC GCC CTG CTG CGC GGA TAC CTC ATC GGT CTA GAC CAC ATC CCG 

ser t**r" Leu tiir aia leu lau arg gly tyr Lau iie giy Leu asp his iie pro 

CAC /AGT GCG ATT GGT CTA GAA GAT AAT GCG AGT GCA TCA CCG CTC CTG GGC ATC 

his ser ala ila gly lau glu asp asn ala ser ala ser pro leu Lau giy ila 



7 



TGG CAA ACA CGG GCT CTC TTG ATC AAG GCG CTC ATC GAC CAA GGC TAC 
arg ser trp gin thr arg ala leu Leu ila iys ala Leu iie asp gin gly tyr 

ATG AAA CAA ATC CTC GTT TCG AAT GAC TGG CTG TTC GGG TTT TCG AGC TAT GTC 
aac iys gin ila leu val ser asn asp trp leu phe gly phe ser ser tyr val 



ACC AAC ATC ATG GAC GTG ATG GAT CGC GTG AAC CCC GAC GGG ATG GCC TTC ATT 
thr asn ila mat asp val aat asp arg val asn pro asp gly net ala phe ila 

CCA CTG AGA GTG ATC CCA TTC TAC GAG AGA AGG GCG TCC CAC AGG AAA CGC TGC 
pro lau arg val ila pro phe tyr giu arg arg ala ser his arg lys arg cys 

CAG GCA TCA CTG TGA 
gin ala ser leu 

CTAACCCGGCGCGGTTCTGTGTCACCGACTTGCCGTGCATGACGCCATCTGGATCCTTCCACGCAGCGGCC 
ACT ATT C CCC GTCAAG ATAC CGAACGATG AAGT CG CGCATCG AT CG ATAGG CAT CTTCAATGTG ATCAGGG 
CTGCCACCTCCAAAGCCGGTGGCCACCCCTGTCGATAGTCTTGAGGGACGGTAGCGACGACCGTGCTTTTC 
GTGAACTGCAG 
3 * 
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13. The transformed microorganism of claim 12 where: 
said microorganism is a bacteria* 



14. A transformed eukaryotic cell line comprising an 
expression vector for producing bacterial org^nophosphorus 
acid anhydrase wherein said vector has a cLoned bacterial 
organophosphorus acid anhydrase gene fragment with the DNA 
coding sequence : 



CTGCAGCCTGACTCGCCACCAGTCCCTCCAAGCAGAGTCCTAAG 



ATG 
sat: 


CAA 
gin 


ACG 
^iir 


AGA 
arg 


GGC 
gly 


CTG 
iau 


GCT 
ala 


GGG 
gly 


ATA 
ila 


CGT 
arg 


GC3 
ala 


CGT 
arg 


GAC 
asp 


ATC 
ila 


TGC 
cys 


GGC 
gly 


AGC 
sar 


arg 


AAA 
lys 


GCT 
ala 


GGC 

giy 


val 


CCA 
arg 


ACG 


Lau 


iau 


GCC 
ala 


GAG 
glu 


lau 


-=7 


pna 


GAC 
asp 


CAG 
gin 


TTC 
pha 


pha 


iau 


GGC 

giy 


ATT 
ila 


ATC 
iia 


lys 


leu 


AAG 
lys 


GCG 
ala 


GCC 
aia 


ACG 


aia 


GCA 
ala 


AGT 
sar^ 


lys 


lau 


GAG 

giu 





iau 


AAG 
iys 


TCT 
sar 


GCG 
ala 


GCC 
aia 


GCAy 

ala 7 


TGG' 
trp 


ere 

lau 


GAT 
asp 


CCA 
arg 


TCG 
sar/ 


'ala 


ATC 
ila 


sar 


GAA 

giu 


GCG 
ala 


✓liy 


pha 


GGA 

giy 


pna 


Iau 




GCT 
ala 


- GG 


AAG 

lys 


GCT 
aia 


cry 

val 


AGA 
arg 


GGA 

giy 


TTG 
iau 


GTG 
val 


TCG/ 
sar 


'act 


pha 


GAT 
asp 


ATC 
iia 


GCT 
ala/ 


ala 


GAC 
asp 


val 


CAT 

his 


ATC 
ila 



JCAGC 
GGC 



CCA GAG TTC TTC GGT 

pro giu pha pha giy 

CGC GCC AGA GCG GCT 

arg aia arg ala aia 

GGT CGC GAC GTC AGT 

gly arg asp val sar 

GTG GCG GCG ACC GGC 

val ala ala ^iir giy 

AGG TAT GTA GAG GAA CTC ACA 



GGC ATT ATC AAG GTC Gc/ ACC ACA GGC AAG GCG ACC CCC TTT CAG GAG TTA 



GTA ACC ACT CAC 



AGT 



CAC 
his 


AGT/ 
sar 


ala 


ATT 
iia 


CGT 
arg/ 


ser 


TGG 
-rp 


CAA 

gin 


a/g 
iec 


AAA 
iys 


CAA 
gin 


ATC 
ila 


ACC 


AAC 


ATC 


ATG 


thr 


aan 


iia 


see 


CCA 
pro 


CTC 
leu 


AGA 

arg 


GTG 
val 


CAG GCA TCA CTC 
gin ala sar iau 
CTAACCCGGCGCGGT 



val 


3 X 


ihx 




gly 


lys 


ala 




ai^ 


CGG 
arg 


GCC 
aia 


AGC 
ser 


iau 


GCC 
aia 


ACC 


giy 


'gin 


CGC 

arg 


GA* 
asp 


GGT 

gly 


GAG 

glu 


CGA 
arg 


giy 


AGG 
arg 


sar 


CGG 

arg 


GTT 
vai 


cys 


ila 


giy 


CAC 
h*s 


AGC 
sar 


GCC 
ala 


CTC 
leu 


CTC 
iau 


CGC 
arg 


GGA 

gi*/ 


TAC 
zyx 


iau 


ATC 
iia 


GGT 
gly 


CTA 
iau 


GAA 
glu 


GAT 
asp 


AAT 
asn 


ala 


AGT 
sar 


GCA 
ala 


ACA 

zhr 


CGG 

arg 


ala 


iau 


iau 


ATC 
ila 


AAG 

iys 


ala 


CTC 
iau 


val 


TCG 
sar 


AAT 
asn 


GAC 
asp 


TGG 
srp 


iau 


pha 


GAC 


GTG 


ATG 


GAT 


CGC 




AAC 


CCC 


as? 


val 


sac 


asp 


arg 


val 


asn 


pro 


ATC 
ila 


CCA 

pro 


pha 


TAC 
tyr 


GAG 
glu 


AGA 
arg 


AGG 
arg 


GCG 
ala 



AT GAT ACT GAC GAT 
sp asp -hr asp asp 



GGG TTT TCG AGC TAT <Z1 



CCACGCAGCGGCC 



GTCAACTCCAG 
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15. The transformed cell line of claim 14 wherein 
cell line is derived from an insect, - 



16. The J transformed cell line of claim 15 wi: 
insect . is a Fall army worm caterpillar. 



CTS CAG C CTS ACT C CGCAC CAGTC S CTS CAAGCAG AGT CSTAAGC 
AAG TCT ZZZ GCC 



ciir arg arg val val lau lys sar ala ala ala gJr/ lau leu gly 



gly 



TGG CTS GAT 



ala gly cys ala cnr crp lau asp arg sar alar gin ala ila gly ser 




CAA 
gin 


ACG 


AGA 
arg 


AGG 
arg 


lau 


ala 


GGG 

<?iy 


TGC 
cys 


COT 
arg 


zcz 

ala 


CGT 
arg 


CCT 
pro 


ATC 
ila 


TGC 

C/3 


GGC 
gly 


AGC 
sar 


arg 


AAA 
lys 


GCT 
ala 


CTA 
lau 


val 


CGA 
arg 


ACS 


ATT 
ila 


lau 


GCC 
ala 


GAG 
glu 




- — r* 


sne 


GAC 
asp 


pro 



CAG TT' 

gin =ri 



CCA CTS 
/pro lau 

CAG GCA 
gin ala 
CTAACCC 
ACT ATT C 
CTSCCAC 
GTGAACTSCAG 
3 ' 



GTS 


ATS 


GAT 


CSC 




AAC 


CCC 


GAC 


GGG 


ATS 




TTC 


ATT 


val 




asp 


arg 


val 


asn 


pro 


asp 


gly 


sac 


ala 


pas 


ila 


CCA 




TAC 


GAG 


AGA 


AGG 


GCS 




CAC 


AGG 


AAA 


CSC 


TGC 


pro 


pna 


tyr 


glu 


arg 


arg 


ala 


sar 


nis 


arg 


lys 


arg 


cys 



TCA CTS 
sar leu 
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17. A transgenic eukaryotic organism comprising an 
expression vector for producing bacterial onganophosphor us 
acid anhydrase wherein said vector has a cloned bacterial 
organophosphorus acid anhydrase gene fragrj/ent having the 
5 DNA coding sequence: 



ATG 


CAA 


=ec 


gin 


GCC 


CTG 


gly 


lau 


ATA 


CGT 


lie 


arg 


GAC 


ATC 


asp 


ila 


AGC 


CGC 


ser 


arg 


GGC 


GTG 


?iy 


vai 


TTA 


TTG 


leu 


leu 










lau 


"="? 


CAG 




=r 1 -t 
g-** 


™re 


GGC 




giy 


ila 




AAG 


leu 


lys 








aia 










lys 


leu 






ser 




CAC 


ACT 


his 


ser 


OCT 






sar 


ATG 


AAA 


aec 


lys 


ACC 


AAC 




asn 


CCA 


CTG 


pro 


leu 



CTCCAGCCTGACTCC 
ACG AGA AGG GTT 



GCG CGT CCT ATC 
aia arg pro ila 



AC CAGTC C CTG CAAG CAG AG T Z GT AAG C 



7CC GGC AGC 



CGA ACG 
arg ^iir 



leu 


AAG 
lys 


TCT 
sar 


ala 


TGG 
crp 


CTG 
lau 


GAT 
asp 


arg 


ATC 
ila 


TCT 
ser 


GAA 
glu 


GCG 
ala 


GGA 

giy 


one 


lau 


arg 


AAG 
lys 


GCT 
ax a 


GTG 
vai 


AGA 
arg 


GTG 
vai 


TCG 
sar 


ACT 


phe/ 


GCT 
ala. 


ala 


GAC 
asp 


vjkL 



le gly ser 



j(Ly lau arg 



TTC GAC CCG CCA CTT TCG ATG 



ala aia aia 
GCA AGT CAG 



g.u pro sar 



pro 


lau 


sar 


3«x 


arg/ 


leu 


GAG 
glu 


ATT 
ila 


CAA 
gin 




GGC 


ala 


ala 


ACC 

chr 


ACA 




/AAG 

lys 


ala^ 


arg 


GCC 
ala 


AGC 
sar 


' lu 


GCC 
aia 


ACC 


CGC 

arg 


asp 


giy/ 


/GAG 
r giu 


arg 


giy 



GAA GAC A$ 
giu asc 



CGG GTT TGT ATT GCT CAC YCC GAT GAT 
arg vai cws lie giy his /sar asp asp 



CTC ACC GCC CTG CT 
leu — hr aia lau lau/arg gly 



GC GGA TAC CTC ATC GG* 

™ -A 



ATT GGT CTA 



GCG ATT 
ala ila gly 



rSG CAA ACA CGi 



lau gifu asp asn al 
rr-n rir*" cr—r "--1 .-\T 



•rs Zeu lie giy lau 

1/«T SCA -CX -S3 
la ser ala ser pro 



T CTC TTC/ATC AAG 3CC 'CTC ATC 



zrp gin lijjr arg /ala leu lau Ila lys ala lau lie 



CAA ATC CTC 
gin ila leu 



va^d. 



TCG AAT GAC TGG CTG TTC GGG TTT 
ser asn asp rrp lau pne gly pr.a 



CAG GCA 
gin ala 
CTAACCC: 
ACT ATT C 
CTGCCAC 
GTCAACT 
3' 



ATC ATG GAC GTG ATG GAT CGC GTG AAC CCC GAC GGG 
ila a«c asp /vai ast asp arg vai asn pro asp gly 

AGA GTG ATG CCA TTC TAC GAG AGA AGG GCG TCC CAC 
arg vai iya pro pha tyr glu arg arg ala sar his 

TCA CTG TGA 
sar leu /. 

JGCG CGGTTjCTGTGTCACCG ACTTG CCGTGCATG ACGCCATCTGG AT C * 
CCCCTCAAdATACCCAACCATGAACTCGCCCATCCATCCATAGCCATC: 
CTCCAAAG/CCGGTGGCCACCCCTGTCGATAGTCTTGAGGGACGGTAGC; 

ICAG 



CTG 


ACT 


CAC 


GAG 


lau 


— - 


his 


glu 


GAG 


TTC 


TTC 


GGT 


glu 


pna 


pna 


gly 


GCC 


AGA 


GCG 


GCT 


aia 


arg 


ala 


ala 




GAC 




AGT 


arg 


asp 


vai 


ser 






ACC 




aia 


ala 


ttir 




GAG 


GAA 


CTC 


ACA 


glu 


glu 


leu 




GGA 


ATT 


AGG 




gly 


ila 


arg 


aia 


CAG 






GTG 


gin 


glu 


leu 


vai 


GTA 


ACC 


ACT 


CAC 


vai 


znr 




his 






AGT 




phe 


leu 


sar 


pro 


ACT 










asp 


asp 


lau 


GAC 








asp 


iis 


ila 


pre 






GGC 


ATC 


lau 


leu 


giy 


ila 


GAC 


CAA 




TAC 


asp 




giy 






AGC 


TAT 


GTC 


3ar 


ser 


ryr 


vai 


ATG 


GCC 




ATT 




aia 


pna 


ila 


AGG 


AAA 


CGC 




arg 


lys 


arg 


cys 



TTCCACGCAGCGGCC 
TCAATGTCA TCACG C 
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18. A transgenic organism as claimed in claim 17 wherein 
said organism is derived from microinjection of said 
expression vector into $r£sophj/la melanoqaste r embryo 
5 cells. 



19. A transgenic organism' as clairrf^d in claim 17 wherein 
said organism is derived/from injection of said expression 
10 vector into a Fall army/woym caterpillar. 



15 



20 



20. A metpod for making bacterial c^rganophosphorus acid 
anhydrase, said method comprising: 

growing in a nutrient medium^ a transformed 



microorganism having 

cloned bacterial orga / nophosphorus acid anhydrase 



expression vector with a 



ge 



ne^f r 

/ 



agment having^ the DNA coding sequence: 
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lau ie 



AAA GCT CTA GCC 



GCC GAG GTT TCG 



lau 


AAG 
lys 


TCT 
sar 


GCG 
ala 


GCC 
ala 


GCA 
ala 


TCG 
trp 


CTG 
Lau 


GAT 
asp 


arg 


TCG 
sar 


GCA 
3.1a. 


ATC 
ila 


TCT 
sar 


GAA 

glu 


GCC 
ala 


GOT 


pna 


GGA 
gly 


ph« 


• - C 

lau 


arg 


GCT 
a/la 


^rp 


AAG 
lys 


GCT 
-ala 


GTG 
val 


AGA/ 
arj^ 


GGA 
gly 


lau 


GTG 
val 


TCG 
sar 


ACT 


oiie 


GAT 
aso. 


ATC 


GCT 
ala 


all- 


-asp 


val 


CAT 
his 


ATC 
i.la 




CTGCAGCCTGACrCC^CACCAGTCCCTSCAAGCAGAGTCSTAAGCiAATCGCAAGGGGGCAGC 

GGA ACT CTG 



CAG GCG ATC 



TTG TCG TTC GAC CCG CCA CTT 

lau *rp pna aso pro pro lau 

CAG TTC TTC CTG CC-T GAG' 

gin pna pha leu arg glu 



ate yarg 
TAT GGC 



IT CGC GAC GTC AGT 
ll y arg asp val sar 

GCG GCG ACC GCC 
ala tnr gly 



AGG TAT GTA GA 
arg ^yr val gl 

GAA GAC ACC 



GCC ATT ATC 
gly ila ila 



Lys 



al ala ihr "^hr /gly Lys aJla ^hr pro 



GAA CTC ACA 
glu Lau ~r.r 



GAG TTA GTG 
n glu Lau val 



7 / . 

TTA AAG GCG GCC /GCC CGC GCC AGS TTG GCC ACC GGT GTT CCG CfcTA ACC ACT CAC 

Lau Lys ala ala/ ala arg ala sar Lau ala zr.s gly val pro /ral ^hr ^ir his 

ACG GCA GCA AG'S CAG CGC GAT GGT GAG CCA CGCl AGO CCG Ci 

ala ala sar* gin arg asp.giy glu arg giy\arg pro ?: 
rTT TCT ATT GCT 



pna lau sar pro 



VAG CTT GAG CCC TCA CCG GT 
lys Lau glu pro sar arg vai cys ila gly 



ZAC AGC GAT GAT ACT GAC GAT TTG 
~-s sar asp a.sp ziir asp asp Lau 

AGC TAT CTC ACC GCC CTG CTG CGC GGA TAC CTC ATC GCT /CTA GAC GAC ATC CCG 
sar -yr Leu ^hr ala Leu arg gly -yr Lau ila giy/lau asp his ila pro 



CAC AGT GCC ATT GCT CTA GAA GAT AAT GCG AGT GCA TCA CCG CTC CTG GGC ATC 
his sar ala ila gly Lau glu asp asn ala sar ala sar pro lau Leu gly ila 

CGT TCG TCC CAA ACA CGG GCT CTC TTC ATC AAG GCG CTC ATC GAC CAA GGC TAC 
arg sar -rp gin ziir krq ala leu Lau ila Lys ala lau ila asp gin gly -yr 

TTC/ SG 



ATG AAA CAA ATC CTC GTT 



AAT GAC TCG CTG 



rrc' GCG TT 



TCG 



TAT GTC 



=ac lys gin ila lau val sar asn asp rrp lau ptie gly one sar sar ^yr val 



25 



30 



35 



ACC AAC ATC ATG GAC GTG ATG GAT CGC GTG AAC CCC GAC GGC ATG GCC TTC ATT 
rrtr asn ila sac asp val a«c asp arg val asn pro asp gly a»t ala pna ila 



CCA CTC AGA GT: 
pro lau arg val 



c/ ATC 
M ila 



CCA TTC TAC GAG AGA AGG GCG TCC CAC AGC AAA CGC TCC 
pro pha tyr glu arg arg ala s«r his arg lys arg cys 



TGA 



CAG GCA TCA CTC 
gin ala sar Leu 

ctaaccccgcccwttctc^gtcacccacttgccgtgcatgacgccatctggatccttccacgcagccgcc 
act att c c cc ctcaag ataccgaaccatg aagtcg cg catcc atccataggcatcttcaatgtg a tcaggc 
ctgccacctccaaaccccgtgcccacccctgtccatagtcttgac^acggtagcgacgaccgtgcttttc 
gtgaactgcag/ 

3' / 



/ 



allowing said microorganism to produce bacterial 

organophosphorus acid anhydrase; and 

/ 

recovering the bacterial organophosphorus acid 
/anhydrase . 
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21. A method for making bacterial organophospho^/us acid 
anhydrase, said method comprising: 



growing in a nutrient medium a transformed eukaryotic 
cell line comprising an expression vector with a 
cloned bacterial organophosphor us acid anhydrase 
gene fragment having the DNA /coding sequence: 



CTCCAGCCTCACTCCCCACCAGTCCCTCCAAGCAGAGTCCTAAGCAATCCCAAGGCGCCACC 
ATS CAA ACG AGA AGG GTT GTG CTC AAG TCT ZC^ GCZ GCA GGA ACT CTC CTC GGC 
aec gin siir arg arg val val leu lys sar ala aia ala gly rnr lau Uu gly 



15 



20 



25 



30 



GGC CTC GCT GGG TCC GCG ACG TGG CTC GAT yCCA TCG GCA CAG GCG ATC GGA TCA 

gly lau ala gly cys ala rhr rrp leu asp/arg sar ala gin ala ila gly 

ATA CGT 
ila arg 



GAC ATC 
aso lie 



GCG CGT CCT ATC ACA ATC TCT GA^GCS'gGT TTC^ACA CTC ACT CAC GAG 

ala arg pro ila niir ila seryg'lu ala gly ?na eijr lau z^r his glu 

GC GGC AGC TC5 GCA GGAxTTC^TT^ CGT GCT TGG CCA GAG TTC 

cys gly sar sar ala gly pna leu\arg ala crp pr$ glu pha one gly 



lys ala lau ala^gl 



CGA ACG ATT/GTC GAT GTG TCS ACT 
arg litr IJ/a val asp yal sar ir*r p 




A AAG G 
u lys/ a 



rg gly lau, arg ala arg ala ala 

rC GAT ATC GGT CGC GAC GTC AGT 

la asp ila gly arg asp val sar 

w' GTG 



u val sar arg ala ala asp vil his ila val ala ala ziir gly 



TG CGA Tt G AGG TAT GTA GAG GAA CTC ACA 

lau -r.r 



'-A 



j ^/lau sar stc arg Jau arg /-* /r ''aX glu glu 

; ATT CAA TAT GGC^ATC GAaT GAC ACC GGA ATT 
i ila gin ryr gly 

_ J ACC ACA GGC AAG 
i/ala thr gly lys 



GAG ATT CAA TAT GGC ATC GAA GAC ACC GGA ATT AGG GCG 

:fha lau arg gl'u ila gin ~vr giv ila glu aso t^ir gly ila arg ala 

/ ' / 

GTC GCG ACC ACA GGC AAG GCG ;ACC CCC TTT CAG GAG TTA GTG 

ala pro pna gin glu leu val 





AAG 


GCG 








GCC 


AGC 




GCC 


ACC 








GTA 


ACC 


ACT 


CAC 


lau 


-"/* 


ala 


aia 


aia 


arg 


ala 


sar 


lau 


aia 




gly 


vai 


pro 


val 


^hr 




his 


ACG 






AGT 




CGC 




GGT 


GAG 


CGA 














AGT 






aia 


ala 


sary 




arg 


asp 


gly 


glu 


arg 


gly 


arg 


pro 


pro 


pha 


leu 


ser 


pro 


AAG 


CTT 


GAG 






CGG 








GGT 


CAC 


AGC 




GAT 


ACT 


GAC 






lys 


lau 


glu 


pro 


sar 


arg 


val 


cys 


ila 




his 


sar 


asp 


asp 




asp 


asp 


lau 








'ACS 


GCC 


CTG 


CTG 


CGC 


GGA 


TAC 




ATC 




CTA 


GAC 




ATC 




sar 




lau 




aia 


leu 


lau 


arg 




zyr 


leu 


lie 


gly 


lau 


asp 


his 


ila 


pro 




AGT 




ATT 




CTA 


GAA 


GAT 


AAT 




AGT 




TCA 








GGC 


ATC 


liis 


sar 


aia 

i 


ila 


gly 


lau 


glu 


aso 

/ 


asn 


ala 


ser 


ala 


ser 


pro 


leu 


leu 


gly 


ila 


CGT 






CAA 


ACA 


CGG 




CTC 




ATC 


AAG 






ATC 


GAC 


CAA 




TAC 


arg 


ser/ 


-=? 


gin 


rhr 


arg 


ala 


leu 


leu 


ila 


lys 


ala 


lau 


ila 


asp 


gin 


giy 


-yr 


ATG 


AAA 


CAA 


ATC 


CTC 




TCG 


AAT 


GAC 


TGG 


CTG 










AGC 


TAT 


GTC 


sec 


lys 


gin 


ila 


lau 


val 


sar 


asn 


asp 


-rp 


leu 


pna 


gly 


pna 


ser 


ser 


-*/r 


val 


ACC 


AAC 


ATC 


ATG 


GAC 


GTG 


ATG 


GAT 


CGC 




AAC 


CCC 


GAC 


GGG 


ATG 


GCC 


TTC 


ATT 




asn 


ila 


3tC 


asp 


val 


sac 


asp 


arg 


val 


asn 


pro 


asp 


giy 


38t 


ala 


pna 


ila 


CCA 


CTG 


AGA 


GTG 


ATC 


CCA 




TAC 


GAG 


AGA 


AGG 


GCG 


TCC 


CAC 


AGG 


AAA 


CGC 


TGC 


pro 


lau 


arg 


val 


ila 


pro 


pna 




glu 


arg 


arg 


ala 


sar 


his 


arg 


lys 


arg 


cys 



CAG GCA TCA CTG TGA 
, gin ala aer leu 

ctaacccggcgcc<;ttctgtgtcaccgacttcccgtgcatgacgccatctggatccttccacgcagcggcc 
act attcc c cgt caag at ac cg aacgatg aagtcgcg catcg at cg at agg cat cttcaatgtg atcagcg 
ctgccacctccaaagccggtggccacccctgtcgatagtcttgagggacggtagcgacgaccgtgcttttc 
gtgaactgcag 

3 • 



35 
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22. A method for making bacterial organophosphorus acid 
anhydrase, said method comprising: 



10 



15 



20 



nourishing a transformed host in a nutrient medium 
allowing said host to produce bacterial 
organophosphorus acid anhydrase; 



Z 



transforming host an expression vector comprising a 
DNA sequence coding fcxr said bacterial 

:id/ ant 



organophosphorus ac 




h y d fra'sey**. and 




separating the bacter ial^organophosphori 
anhydrase from said 



s acid 
t and said nlutrient 



medium, 



/ 



/ 



23, The method £or ma lying bacterial\ organophosphorus acid 
anhydrase of clatim 22yfurther comprising purifying said 
bacterial orgaqophosphorus acid anhydrase 

7 



25 



24. The method for making bacterial organophosphorus acid 
anhydrase of claim 22 wherein said host is a 



microorganism . 



/ 



/ 



30 



25. The method for making bacterial organophosphorus acid 
anhydrase of /claim 24 wherein said microorganism is a 
bacteria. / 



26. The method for making bacterial organophosphorus acid 
anhydrase'' of claim 22 wherein said host is a eukaryotic 
cell line. 



35 
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27. The method for making bacterial organopfhosphorus acid 
anhydrase of claim 26 wherein said eukaryg/tic cell line is 
derived from an insect. 



28. The method for making bacterial/ organophosphorus acid 
anhydrase of claim 27 wherein said/ insect is a Fall army 
worm caterpillar. 



29. The method of claim 
purified to a 
anhydrase . 





id anhydrase is 
00 units/mg of 



30. The cloned bacter/ial organophosrihorus acid anhyd^se 
gene fragment of clai'm 1 where in the N-terminal sequence 
up to the start codpn has been delet/ed from s^ird DNA 
coding sequence. 



31. The expression vector of claim 6 wherein the N- 

/ X 
terminal sequence up to the start codon has been deleted 

from said DNA/ coding sequen<5e. 



32. The transformed microorganism of claim 12 wherein the 

/ X 

N-terminal' sequence up to the start codon has been deleted 
from said' DNA/coding sequence. 



30 



35 



33. The transformed eukaryotic cell line of claim 14 
whepei-n the N-terminal sequence up to the start codon has 
be'en cleleted from said DNA coding sequence. 
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34. The transgenic eukaryotic organism/of claim 17 
wherein the N-terminal sequence up to/the start codon has 
been deleted from said DNA coding s/quence. 



10 



35. The method for making bactexiaJ^organophosphorus acid 
anhydrase of claim 20 wheredm the N-teurminal sequence up 
to the start codon ha^^De^h ^eleted fr^m said DNA coding 
sequence . 




15 



36. The method foj/ making bacterial ybrganophosphorus acid 
anhydrase of claim 21 wherein the N-yterminal sequence up 
to the start cojaon has been deleted/ from said DNA coding 
sequence . 




37. The ^loned bacterial organophosphorus acid 
gene fragment of claim 1 wherein the C-termj^aai s^uence 
has be$m deleted from Bam HI to Pst I of^aid J}NA coding 
sequence . 



38K. The expression ve 
terminal sequence h^s J/ee"! 
said DNA coding sequence. 



wherein the C- 
'cleleted from Bam HI to PstI of 



39. Th^^t-ransf ormed microorganism of claim 12 wherein the 
30 C-tei^tfrnal sequence has been deleted from Bam HI to Pst I 
ofy&aid DNA coding sequence. 
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* 



J — lifte-^c claim 14 
has been <Jeleted from Bam 
inq sequence, 



41. The transgenic eukaryotic organism of claim 17 
wherein the C-terminal sequence ha y s been deleted from Bam 
HI to PstI of said DNA coding sequence. 




10 



15 



20 



42. The method for makin^ba^ter^sal organophosphorus acid 



anhydrase of claim 20 wherei\n the Or-terminal sequence has 



been deleted from Bam HI 



>stl of 



sequence , 



aid DNA coding 



43. The method for^naking b^trterial organophosphorus acid 
anhydrase^of claim y21 wherein the C-jterminal sequence has 
been delated from /Bam HI to Pst I of /said DNA coding 
sequenced 



44. Organophosphorus acid anhydrase produced by a 
genetically transformed host having an expression vector 
25 comprising a DNA sequence coding for said anhydrase. 



30 




45. The/method^of claim 44 wherein said anhydrase is 

-1 



character ired-^by K 



cat 



= 2100 sec for paraoxon. 
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46. Bacterial organophosphorus acid anhydrase produced by 
a genetically transformed host having an ^expression vector 
comprising a cloned gene fragment with y the DNA coding 
sequence: 



CTGCAGCCTGACTCGGCACCAGTCGCTCCAACCAGAGTCGrAAGCAATCCCAAGGGGGCAGC 

ATG CAA ACS AGA AGG GTT GTG CTC AAG TCT GCG GCC GCA GGA ACT CTC CTC GGC 

aat gin t^ir arg arg val val leu lys sar al'a ala ala gly ^iir leu leu gly 

GGC CTC GCT GGG TGC GCG ACG TGG CTC GAT /CCA TCG GCA CAG GCG ATC GGA TCA 

gly lau ala gly cys ala tiir trp lau asp'arg sar ala gin ala ila gly sar 

ATA CGT GCG CGT CCT ATC ACA ATC TCT GAA GCG GGT TTC ACA CTG ACT CAC GAG 

ila arg aia arg pro ila thr ila sar glu ala gly pna tar leu ciir nis glu 



GAC ATC TGC GGC AGC TCG GCA Gi_. 
asp ila cys gly sar sar aia^gl J 

AGC CGC AAA GCT CTA GCG^GAA AAG 
sar arg lys ala lau . ala glu lys 

GGC GTG CGA ACG ATT GTC GAT GTG 
gly val arg car ila val asp val 



GAG GTT TCG CGG GCT 
u val sar arg ala 




Z GAC CCG CCA CTT T 
pna asp pro pro lau s< 




GCT TGG CCA GAG TTC TTC GGT 
ala trp pro glu pna ana gly 

GGA TTG CGC GCC AGA GCG GCT 
gly lau arg aia arg ala ala 

AT ATC GGT CGC GAC GTC AGT 
.so ila gly arg asp val sar 

iT ATC GTG GCG GCG ACC GGC 
Is ila val ala ala tiir gly 

__JG TAT GTA GAG GAA CTC ACA 
arg -yr val glu glu lau tar 

TC TTC CTG CGT GAG ATT CAA TAT GGC ATC pAA GAC ACC GGA ATT AGG GCG 
au arg glu ila gin ryr gly ila ^glu asp tinr gly ila arg ala 

ATT ATC AAG GTC GCG ACC ACA GGC AAG GCG ' ACC CCC TTT CAG GAG TTA GTG 
ila ila lys val ala tiir — r gly lys ala r inr pro pria gin glu leu val 

TTA" AAG GCG GCC GCC CGG GCC AGC TTG GCC ACC GGT GTT CCG GTA ACC ACT CAC 
lau lys ala aia aia arg aia sar lau aia tnr gly val pro . val riir tir Mis 

ACG GCA GCA AGT CAG CGC GAT GGT GAG CGA GGC AGG CCG CCA TTT TTG AGT CCG 
^ir aia ala sar gin arg asp gly glu arg gly arg pro pro ?na leu sar pro 

AAG CTT GAG CCC, TCA CGG GTT TGT ATT GGT CAC AGC GAT GAT ACT GAC GAT TTG 
lys lau glu pro sar arg vai cys ila gly ii-s sar asp asp ziir asp asp lau 

AGC TAT CTC ACC GCC CTG CTG CCC GGA TAC CTC ATC GGT CTA GAC CAC ATC CCG 
sar ~'/r lau cr.r ala leu lau arg gly zyr lau ila gly lau asp liis ila ?ro 

CAC AGT GCG ATT GGT CTA GAA GAT AAT GCG AGT GCA TCA CCG CTC CTG GGC ATC 
iiis sar ala ila gly lau glu asp asn ala sar ala sar pro lau lau gly ila 

CGT TCG TGG CAA ACA CGC GCT CTC TTG ATC AAG GCG CTC ATC GAC CAA GGC TAC 
arg sar crp gin rnr arg ala lau lau ila lys ala lau ila asp gin gly -yr 

ATG AAA CAA ATC CTC GTT TCG AAT GAC TGG CTG TTC GGG TTT TCG AGC TAT GTC 
sec lys gin ila lau val sar asn asp crp lau pna gly pna sar sar -yr val 

ACC AAC ATC ATG GAC GTS ATG GAT CGC GTG AAC CCC GAC GGG ATG GCC TTC ATT 
tnr asn ila att asp val aac asp arg vai asn pro asp gly sac ala pna ila 

CCA CTG ACA GTG ATC CCA TTC TAC GAG AGA AGG GCG TCC CAC AGG AAA CGC TGC 
pro lau arg val ila pro pna tyr glu arg arg ala sar nis arg lys arg cys 

CAG GCA TCA CTG TGA 
gin ala sar lau 

CTAACCCGGCGCGGTTCTGTGTCACCGACTTGCCGTGCATGACGCCATCTGGATCCTTCCACGCAGCGGCC 

ACTATTCCCCGTCAAGATACCGAACGATGAAGTCGCGCATCGATCGATAGGCATCTTCAATGTGATCAGGG 

CTCCCACCTCCAAAGCCCGTGGCCACCCCTCTCCATAGTCTTGACGCACGGTAGCGACGACCGTCCTTTTC 

GTGAACTCCAG 

3 ■ 
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47. The bacterial organophosphorus acid a^hydr^se of claim 
46 wherein the N-terminal sequence up t'he start codon 



has been deleted from said DNA codi 



48. The bacterial organophosphori/s acid anhydrase of clai 
46 wherein the C-terminal sequence, up to the start codon; 
has been deleted from Bam HI to P'st I of said DNA coding 
sequence. 




sequence . 



.m 



49. The bacterial organc^pl; 
claim 46 wheisein 
microorgai 



50. The 
claim 46 
bacteria 



52. 




v acid anhydrase of 
acid anhydrase is a 



nophosphbrus /acid anhydrase of 



st producing said anhydrase is a 



C ^>A-v 



51. The bacterial organophosphorus acid anhydrase of 
claim 46 wherein said host is a eukaryatic cell line. 



bacterial organophosphorus acid anhydrase of 



claim 46 wherein said anhydrase is relatively pure, 

for paraoxon. 




53. A method for 
comprising exposi 
organophosphorus aci 



35 



ng an organophosphorus compound 
pound to recombinant bacterial 
ase . 
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54. The method of claim 53 wherein said/exposure is 
accomplished by passing said compound through a matrix 
comprising said recombinant anhydrase. 



55. The method of claim 54 where/n said matrix is further 
comprised of a filtration device/ 



10 56. The method of 
mask . 



erein said device is a gas 




57. The mefcriod of claim/53 wherein said organophosphorus 
15 compound iA in air. 



20 



phosphorus 



58. The methq<3 
compound is in 



59. The method of, 
accomplished by s 
locus comprising 



said exposure is 
bmbinant anhydrase on a 
rus compound. 



60. The method/of clhL&C 5>3 wherein said exposure is 
accomplished by/ introducing said anhydrase into a 
container comprising the organophosphorus compound. 
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61. The method of claim 53 wherein saidr recombinant 
bacterial organophosphorus acid anhydrase is produced by a 
transformed microorganism comprising sen expression vector 
for producing said anhydrase and whe/ein said vector has a 
cloned bacterial organophosphorus apid anhydrase gene 
fragment with the DNA coding sequence: 



5' 

CrGCAGCCTaACTCCGCACCAGTCSCTGCAA^AGAGTCSTAAGCAATCSCAAGGGGCCAGC 
ATG CAA ACG AGA AGG GTT GTG CTC AAG ZCp^fCZ GCC GCA GGA ACT CTS CTC GGC 
aac gin car arg arg val val leu lys^tfar/ala ala ala gly car leu leu gly 

GGC CTS GCT GGG TGC GCG ACG TGGxCTS GAT C3A TCG GCA CAG GCS ATC GGA TCA 
gly leu ala gly cys ala car crp Leu a&p arg sar ala gin ala iie gly ser 

ATA CGT CCC CGT CCT ATC AjZA ATC TCT GAA GCS GGT TTC ACA CTS ACT CAC GAG 
ila arg ala arg pro ile/tar ila sar yglu ala gly pna car leu car his glu 

GAC ATC TGC GGC AGC TCG GCA GZX/TZCf TTG CGT GCT TGG CCA GAG TTC TTC GGT 
asp iie cys gly aac/str ala gly pn* lau arg ala crp pro glu pna pin* gly 

AGC CGC AAA GCT JZTA GCG GAA AAG GCT GTG ACA GSA-TTS CGC GCC AGA GCS GCT 
sar arg' lys ala/ieu ala glu/lys fla val arg^glTy }au arg ala arg ala ala 

GGC GTG CCA ACG ATT GTC GAT GTG/TCG ACT^TTC GAT /ATC GGT CGC GAC GTC ACT 
gly val, arg/cHr. ila val asp v*hJ/ ser J&z ana asp/ ila gly arg asp val sar 

TTA TTG GCC GAG \sTT TCG/CSG GGT SZC GAC GTT CAT ATC GTG GCS GCG ACC GGC 
lau leu ala glu vaJ. 3 *y ar ? ala/ala asp val a£s ila val ala ala tor gly 

TTG TGS TTC GAC CCSVCCA CTT ATS CGA TTS/AGG TAT GTA GAG GAA CTC ACA 

lau cr? pria asp proVfro le^yser set arg lau: arg cyr val glu glu lau car 

CAG TTC TTC CTG CCT G^/XTrJ CAA TAT GGC ATC GAA GAC ACC GGA ATT AGS GCS 
gin she caa lau arg /giXf ilft gin , cyr gly ills giu asp car gly ila arg ala 

GGC ATT ATC AAG GTC GCS VaC ACA GGC AAG^ GCG ACC CCC TTT CAG GAG TTA GTG 
gly ila ila lys val ala \jkr car gly Ij/S ala car pro pne gin/glu lau val 

TTA AAG GCG GCC GCC CGG GCfc AGC TTG GCC ACC GGT GTT CCC^GTA ACC ACT CAC 
lau lys ala ala ala arg Ala\ser lau /ala car giy val pro val car car his 

ACG GCA GCA ACT CAG CGC/ GAT \cT Ga/ CGA GGC AGS CCS^CCA TTT TTG ACT CCG 
car ala ala sar gin arg/ asp gVy glu arg giy arg aro pre one lau sar pro 

AAG CTT GAG CCC TCA CGG GTT TGT\ ATT GGT CAC AGC GAT GAT ACT GAC GAT TTG 
lys lau glu pro sar adg val cysYila giy *-s i^r asp asp car asp asp lau 

AGC TAT CTC ACC GCC CpG CTG CGc/gGA TAC jCTC ATC GGT CTA GAC CAC ATC CCG 
sar cyr leu car ala lieu leu arg giiY cyr/leu lie giy lau asp ais lie pro 

CAC AGT GCG ATT GGT CTA GAA GAT AATV^CS AGT GCA TCA CCG CTC CTG GGC ATC 
his sar ala ila gly pu glu ajSp asp/\^J.a sar ala ser pro lau leu gly ila 

CGT TCG TGG CAA AC 

arg sar cr? gin car 
ATG AAA CAA ATC CTCj 



ACC AAC ATC ATS 
car asn ila mac a^ 

CCA CTS AGA GTS 
pro leu arg val 



arg 


ala 


£#4u 


leu 




TCG 


AAT 


GAC 


val 


sar 


asn 


asp 


GTC 


ATG 


GAT 


CGC 


val 


aat 


asp 


arg 


CCA 


TTC 


TAC 


GAG 


pro 


pna 


cyr 


glu 





CTC 


ATC 


GAC 


CAA 


GGC 


TAC 


ala 


leu 


ila 


asp 


gin 


gly 


cyr 




GGC 


TTT 


TCS 


AGC 


TAT 


GTC 


pa a 


gly 


pna 


sar 


ser 


cyr 


val 


CCC 


GAC 


GGG 


ATS 


GCC 


TTC 


ATT 


pro 


asp 


<?!'/ 


sac 


ala 


pna 


ile 


GCS 




CAC 


ACC 


AAA 


CGC 


TGC 


ala 


sar 


ais 


arg 




arg 


cys 



CAC GCA TCA CTS f GA 
la sar leu I . 



gin ala 

CTAACCCGCCCCGC IT Li Lt 1 1. I'CACCSA CiTl CCSTSCATSACGCCATCTSGATCCTTCCACCCACCCCCC 
ACTATTCCCCGTCAAG. .TACCGAACCATGAAGTCGCSCATCSATCGATAGSCATCTTCAATGTGATCAGGG 
CTGCCACCTCCAAACC$CGTGGCCACCCCTGTCSATAGTCTTGACGCACGGTACCGACGACCGT 
GTGAACTGCAG 
3 ' 
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62. .The method of claim 53 wherein said /recombinant 
bacterial organophosphorus acid anhydrase is produced by a 
transformed eukaryotic cell line comprising an expression 
vector for producing said anhydrase aiid wherein said 
vector has a cloned bacterial organophosphorus acid 
anhydrase gene fragment with the DNA coding sequence: 



GTCCTAAGCAATCCCAAGGGGGCAGC 

ICC GCA GGA ACT CTC CTC GGC 
ala gly zzr lau lau gly 



/ala 



CTGCAGCCTGACTCGGCACCACrCGCTCCAAG; 

ATG CAA ACG AGA AGG GTT GTG CTC AAG TCT 

a« gin tnr art? arg val val lau. lys sar 

GGC CTC GCT CCG TGC GCC ACtfTGG yCTG GAT 

gly lau ala gly cys ala^&r trp/ Lau asp 

ATA COT GCG CGI CCT XTC ACA ATC TCT GAA 4CG GGT TTC ACA CTG ACT CAC GAG 

ila arg ala arg prjr ila car ila sar glu yala gly pna thr lau ^hr his glu 



TCG GCA CAG GCG ATC GGA TCA 
sar ala gin ala ila gly sar 



GAC ATC T5J GGC 
asp ila cys gl; 



/^GC TCG GCa/gGA TTC T 
sar sar ala gly pna I 



CGT GCT TGG CCA GAG TTC TTC GGT 
arg ala -rp pro glu pha pha gly 



AGC CC'J AAA dCT CTA GCG GAA AAG GCT G$G AGA GGA TTG CGC GCC ACA GCG GCT 
sar arg lys/ala lau ala ,glu 1/a ala yal arg gly lau arg ala arg ala ala 



GGC GTG CCA ACG ATT GT? GAT GTG TCG/ ACT 
gly val ^arg z&x ila vail asp val sa: 

TTA TTG GCC GAG GTT TCG CGG GCT 
lau lau ala glu ' val /«r arg al« 



ATC GGT CGC GAC GTC AGT 
pha asta ila gly arg asp val sar 

ATC GTG GCG GCG ACC GGC 
asp val his ila val ala ala thr gly 



•u fcrp pna asp pro pro lau sar/aac arg iau/arg ^yi- gi-u 9^** 

AG ItTC TTc\tG CGT GAg/aTT CAA TAT GGC ATC GAA GAC ACC GGA ATT 
i.n pna pha 5pu /arg gJ& ila gi'n *yr gly tjfa glu asp chr gly ila 



GGC ATT ATC 
gly iiaXila 

TTA AAG GCG 
lau lys ala 




AGG GCG 
arg ala 



G ACC CCC TTT CAG GAG TTA GTG 

zhr pro pha gin glu lau/val 

3GT GTT CCG GTA ACC/ACT CAC 

- gly val pro val zhr ^hr his 



AGG CCG CCA TTT TTG AGT CCG 

gly arg pro pro^pna lau sar pro 

CAC AGC GAT GAT ACT GAC GAT TTG 

his sar asp'asp zitz asp asp lau 

CTC ATC/ GGT CTA GAC CAC ATC CCG 

«u ila gly lau asp his ila pro 



AGT/GCA TCA CCG CTC CTG GGC ATC 
r ala sar pro lau lau gly ila 

'AAG GCG CTC ATC GAC CAA GGC TAC 
s ala lau ila asp gin gly ryr 

G TTC GCG TTT TCG AGC TAT GTC 
lau pna gly pna sar sar tyr val 

AAC CCC GAC GGG ATG GCC TTC ATT 
asn pro asp gly a«c ala pna ila 

AGG GCG TCC CAC AGG AAA CGC TGC 
arg ala sar his arg lys arg cya 



GCATGACGCCATCTCGATCCTTCCACCCAGCCGCC 



CAG GCA TCA 
gin ala sar 

CTAACCCGGCCC! 

actattccccgtcaagatacccaacgatgaagtcgcgcatcgatcgataggcatcttcaatgtga tcagw 
ctgccacctccaaagccggtggccacccctgtcgatactcttgagggacggtagcgacgaccgtgcttttg 

ctcaactgcag/ 

3' 
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63, The method of claim 53 wherein sai£l recombinant 
bacterial organophosphorus acid anhydtfase is produced by a 
transgenic eukaryotic organism compri/sing an expression 
vector for producing said anhydrase /wherein said vector 
has a cloned bacterial organophospbiorus acid anhydrase 
gene fragment with the DNA coding/sequence: 



<rrCCAGCCTCACTCKCACCAGTCCCTCC 
ATG CAA ACG AGA AGG GTT C77C CTC AAG TC 
aac gin car arg ar^val yal lau lys sal 



CGC CTC GCT CCj 
gly lau ala jyiy 



rg/i 




AG AGTCGTAAG GAATCC CAAGGGGGCAG C 
GCC GCC CCA GGA ACT CTC CTC GGC 
ala ala ala gly car leu lau giy 



ACG TCG CTC SAT CCA TCG GCA CAG GC3 ATC GGA TCA 
car r.rp lau /asp arg sar ala gin ala iia gly sar 



ATA CGT GCG CGT CCT A*C ACA ATC TC 
iia anj^aia arg pro i'la car ila sa 



GAA GCC GGT TTC ACA CTC ACT CAC GAG 

glu ala gly pha car lau car aia glu 

GAC ATC TCC GGC AGC /TCC GCA GGA TfTC TTG CGT GCT TCG CCA GAG TTC TTC GGT 

asp yti* cy* a«|r sar ala gly aha lau arg ala crp pre glu pna pha gly 



AAA GCT CTA GCG GAA AAG J 
ar arg lys ala l/au ala glu lys 

f GGC GTG C5A ACG /ATT GTC 
gly val arg car/ ila val 



CT GTG AGA GGA TTG CGC GCC AGA GCG GCT 

sral arg gly lau arg ala arg ala ala 

ACT TTC GAT ATC GGT CGC GAC GTC AGT 

cr one asp iia gly arg asp val sar 



Lu val/sar arg Ala ala 



Lau crp pi 



AC GCG CCA CTT 
''pro pro lau 



GAG ATT CAA 



arg glu iJ 



a gin 



TTA AAG GCG 
lau lys ala aii 



GTC GCG ACC 
val ala Ahr 



ala arg ala 



Sac gtt cat atc gtg gcg gcg acc ggc 

/asp val his ila val ala ala car giy 

' GGA TTC AGG TAT GTA GAG GAA CTC ACA 

arg lau arg r/r val glu glu lau car 



GGC ATC GAA GAC ACC GGA ATT AGG GCG 

£yr giy iia glu asp car gly iia arg ala 

AG GCG ACC CCC TTT CAG GAG TTA GTG 

gly lys ala car pro pna gia glu lau val 



fC TTG GCC ACC GGT GTT CCG GTA ACC ACT CAC 

r lau ala car giy vai/pro val car car a:.3 



ACG GCA GCA AGT 

car aia ala sar 



AG cq 



xia arg asp/ gly glu arg giy arg pro pro pna leu sar pro 



lys lau glu pro sa 

AGC TAT CTC ACC GC 
ser cyr lau car aia 

CAC AGT" GCG ATT 
liis sar ala ila gl 

CGT TCG TGG CAA 

arg ser crp gla 

ATG AAA CAA ATC 
sec lys gla ila I 



GT ATT GGT CAC ACC GAT GAT ACT GAC GAT TZ 
1 <rys iia giy n-is ser asp asp car asp asp lau 



/lau arg gly .cyr lau iia g 

3AA GAT AAT GCG AGT GCA T 
glu asp yo*sn ala sar 



au iia giy leu asp Icis iia pro 



CA CCG CTC CTG GGC ATC 
a ser pro lau leu giy ila 



TC TTG ATC AAG GCG CTC ATC GAC CAA GGC TAC 

Cau lau iia lys ala lau iia asp gia gly cyr 

AAT GAC TGG CTG TTC GGG TTT TCG AGC TAT GTC 

> asn asp crp lau pae gly pha sar ser cyr val 



/al 



ATG GAT CGC GTG AAC CCC GAC GGG ATG GCC TTC ATT 
3tc asp arg val asn pro asp gly a»c ala pna iia 



CCA TTC TAC GAG AGA AGG GCG TCC CAC AGG AAA CGC TGC 
al iia pro pha Cyr glu arg arg ala sar ais arg lys arg cys 



ACC AAC ATC AT 
car asn ila aejfc 

CCA CTG AGA 
pro lau arg 

CAG GCA TCA £TC TCA 
gin ala sar /leu 

CTAACCCGGCGCGGTTCTGTGTCACCGACTTGCCGTGCATGACGCCATCTGGATCCTTCCACGCAGCGGCC 
ACTATTCCCCC/rCAAGATACCGAACGATGAAGTCSCGCATCGATCGATAGGCATCTTCAATGTGATCAGGG 
CTGCCACCTCyAAAGCCGGTGGCCACCCCTGTCGATAGTCTTGAGGGACGGTAGCGACGACCGTGC 
GTGAACTGC 



• 



64. A method of prevent xijig^ 
organophosphorus compound 
organophosphorus acid anhy 
compound contacts said loc 




.oning of a locus by an 
ying^recombinant 

id locus before said 



10 



65. A method of detecting bacterial colonies capable of 
detoxifying organophosphorus acid anhydrides, comprising 
employing a transformed microorganism as a cont/rol in a 
plate assay wherein said microorganism is comprised of an 
expression vector for producing organophosphorus acid 
anhydrase and said vector is comprised of A cloned gene 
fragment containing the DNA coding seque/ce for the 
anhydrase . 
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66. The method of claim ^65 wherein 4aid\ 
comprise a pesticide a-nd said p]/ate c ssa^ 
prior to applying sa^d pesticic 
number of microorganisms cape 
pesticides in said soil. 



le to 



oil) 




>le of detox 



anhydrides 

is conducted 
to quantitate the 
ifying said 



25 67. A method for protecting insects from organophosphorus 
compounds comprising feeding said insects recombinant 
organophosphorus acid/anhydrase . 



30 
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68. A method for /protecting insects from organophosphorus 



tor / E 
>ris4r 



compounds comprising infecting insects with microorganisms 
comprised of an /expression vector for producing an 
organophosphorus acid anhydrase wherein said vector is 
comprised of a! cloned gene fragment containing the DNA 
coding sequence for the anhydrase. 
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69. A method for protecting insects .From organophosphorus 
compounds comprising introducing yaxo the environment of 

>ed of an expression 

^ ^ nrgapr&phosphorus acid anhydrase 

wherein said vector is cqjrt^rised of) a cloned gene fragment 
containing 



said insects microorganisms comf 
vector for producing an r^m^^^y 



tfie DNA coding" slequenp^ of the anhydrase. 



70. A pesticide coppTr ising an organophosphorus compound 
10 and an inhibltor/of bacterial organophosphorus acid 
anhydras* 
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